Collagen is the major connective tissue (CT) protein and one of the main constituents of the jumbo squid (Dosidicus gigas). Therefore, physicochemical changes of pepsin-solubilized collagen (PSC) and insoluble collagen (IC) were studied after cooking (100°C/30 min) of muscle (mantle, fins, and arms). Different pyridinoline (Pyr) contents (the major cross-linking molecule in collagen fibers) were found in the fresh muscle of the three anatomical regions. After the cooking process, a decrease from 10 to 30% in the thermal resistance of collagen was observed, depending on the anatomical region and fraction evaluated. Furthermore, the electrophoretic profile, Fourier transform infrared (FTIR) spectroscopy, and the amino-acid profile revealed that structural changes occurred in the two different collagen fractions caused by the thermal process, and the changes were greater in the mantle. Under the conditions applied in this study, collagen fractions from the squid arms showed more stability during the cooking process due to the high cross-linking degree of their fibers.
Introduction
The jumbo squid (Dosidicus gigas) is a cephalopod distributed from the coasts of California to Chile, with a relatively short life cycle and high growth sizes. [1, 2] The functional and nutritional characteristics of its muscle, such as white meat, low fat, and high protein content, make the jumbo squid a more desirable product compared to other marine species. Hence, fishery of this cephalopod has undergone considerable changes during the last few years, generating the interest of consumers and researchers since its muscle properties make it a valuable study model for diverse investigations. [3] [4] [5] One of the major components of both the muscle and the skin of jumbo squid is connective tissue (CT). The CT plays an important role on the postcapture handling of the species and on its commercialization (fresh frozen or cooked frozen). [5, 6] In the CT, collagen is the main component controlling the heat stability of the muscle fibers due to its structure and cross-linking degree, a feature not found in fish. [7, 8] Moreover, it has been reported that jumbo squid presents differences in its collagen and muscle behavior depending on the anatomical region evaluated during postcapture storage. These differences were mainly associated to the heat stability of collagen, and were shown to affect the sensory, chemical, and textural properties of the final sea product. [5, 9, 10] The low solubility and cross-linking behavior in collagen fibers of jumbo squid muscle are attributed to the presence of pyridinoline (Pyr), which has the capacity to cross-link up to three collagen molecules through its covalent interaction with lysine and hydroxylisine residues, located either in helicoidal or in central regions of the triple helix of collagen. [7, 11] Pyr is produced by an enzymatic mechanism, started by lysyl oxidase (LOX) during the maturation of collagen fibers [11] ; this mechanism has been widely studied in terrestrial organisms. However, in marine organisms, this information is still scarce. Some studies carried out in fresh and iced jumbo squid showed that some of the cross-linking mechanisms of collagen fibers involve the presence of LOX and Pyr. [5, 12, 13] Moreover, Ando et al. [7] found high resistance of collagen fibers during the incubation of squid (Todarodes pacificus and Loligo pealeii) CT in boiling water, suggesting differences in the crosslinking degree of collagen fibers from the evaluated squids. In the present article, changes in the physicochemical and structural characteristics of pepsin-solubilized collagen (PSC) and insoluble collagen (IC) extracted from raw and cooked jumbo squid (Dosidicus gigas) muscle were evaluated.
Materials and methods
Jumbo squid (12 organisms of 25-30 cm and 3-3.5 kg.) was obtained frozen from a local market and transported to the Seafood Laboratory at the University of Sonora, Mexico. The mantles, fins, and arms were thawed, skinned, and separated into three batches (n = 3). A pool of four specimens integrated each batch. Later, each pool was separated, packed in 2 bags, and cooked in boiling water for 0 (raw muscle) and 30 min (cooked muscle). All determinations were carried out in triplicate.
Collagen extraction
PSC and IC fractions were prepared at 4°C as described by Osuna-Amarillas et al. [5] with slight modifications. The CT was extracted from the mantle, fins, and arms of the jumbo squid by precipitation. The raw and cooked muscle were homogenized for 2 min with 10 volumes (v/w) of 0.1N NaOH, stirred overnight, and centrifuged at 8000 × g (Ramírez-Guerra et al., 2015). Then, the insoluble residues were extracted with pepsin (10 mg/g tissue in acetic acid, PSC), and the final precipitate was the IC. The extracted fractions were dialyzed thoroughly with distilled water and lyophilized for later analysis.
Protein concentration
The protein concentration in the lyophilized samples of PSC and IC were determined according to the micro-Kjeldahl method. [14] 
Electrophoretic analysis
The molecular mass of the PSC extracted from raw and cooked muscle was estimated by SDS-PAGE (sodium dodecyl sulfate 7.5% polyacrylamide gel electrophoresis) under reducing conditions, [15] using a broad-range standard molecular marker mixture (Sigma, SDS-6H), which included myosin (205 kDa), β-galactosidase (116 kDa), phosphorylase b (97.4 kDa), bovine serum albumin (66 kDa), ovalbumin (45 kDa), and carbonic anhydrase (29 kDa). The gel was stained with Coomassie R-250 and the images of the samples on the electrophoresis gels were captured using an image densitometer (Model GS-800; Bio-Rad Laboratory Chemicals, Hercules, CA, USA).
Off-gel-electrophoresis fractionation
The proteins and peptides in the PSC extracted from raw and cooked muscle were separated by its isoelectric point using a 3100 OffGel Fractionator (Agilent Technologies) equipped with a 24-well frame and 24-cm immobilized pH gradient (IPG) strips (GE Health-care) suitable for determinations at 4-7 pH range. The IPG strips were rehydrated during 15 min with 40 μL of rehydration solution. Then, the sample was solubilized in 3.6 mL of the same solution, added to the frame (150 μL in each well), and focused during 18 h at 64 kVh (Franchin et al., 2014) . Finally, the protein presence found in each well was identified by measuring absorbance at 220 nm and analyzed by SDS-PAGE (described previously).
Amino-acid profile
The amino-acid composition was evaluated in PSC and IC by reversed-phase high-performance liquid chromatography (HPLC) according to Vázquez-Ortiz et al. [16] using a Hewlett-Packard 1200 series HPLC system (Hewlett Packard Co., Waldbronn, Germany). Briefly, the samples were hydrolyzed using 6 M HCl in an evaporator for 6 h in sealed tubes at 150°C. The hydrolysates were diluted with 0.4 M sodium borate (Na 2 B 4 O 7 ) buffer, derivatized with O-phthalaldehyde (OPA) for determination of the primary amino acids, and derivatized with 9-fluorenylmethyl chloroformate for determination of secondary amino acids. Chromatographic separation was carried out using a C18 column (4.6 mm ID × 100 mm; Agilent Technologies, Inc., Palo Alto, CA, USA), and the integrations were calculated using ChemStation software. Fluorescence emission was continuously monitored at 330 and 418 nm.
Pyridinoline content
The Pyr content found in the CT from fresh and cooked muscle was calculated according to Ramirez-Guerra et al. [17] The CT was hydrolyzed for 6 h with 6 M HCl at 150°C. The hydrolysates were pre-fractionated using a Chromabond® cross-links column and diluted with an equal volume of 90% acetic acid and 2.5 mL of acetonitrile. Then, the pyridinium cross-links were eluted with 1% heptafluorobutyric acid and separated on a Series 1200 HPLC system (Hewlett Packard Co., Waldbrom, Germany) coupled to a fluorescence detector (λ ex = 297 nm and λ em = 395 nm), using an ODS C18 Microsorb-MV column (100 C 18 , 4.6 mm ID × 250 mm, Microsorb, Rainin, CA, USA). The Pyr content was estimated as moles per mole of collagen.
Differential scanning calorimetry (DSC)
The thermal profiles of the collagenous extracts were obtained according to Torres-Arreola et al., [10] using a heating rate of 10°C min −1 from 15 to 150°C. A total of 20 to 25 mg of lyophilized PSC and IC were placed in hermetically sealed stainless steel capsules, and enthalpy (J/g) and maximal temperature of the transition (°C) were determined using a Perkin-Elmer DSC-8000 calorimeter (Norwalk, CT, USA). All measurements were performed in triplicate, and the reported data include the transition temperature and enthalpy values.
Fourier transform infrared spectroscopy (FTIR)
The functional groups of the lyophilized PSC extracted from fins, arms and mantle were determined directly by FTIR spectroscopy (Thermo Scientific, model Nicolet iS50 FTIR), with an average of 16 scans in a spectral range of 4000-400 cm −1 .
and calorimetry data analysis of the CT fractions are based on the average of three experiments, using analysis of variance. Mean differences were established employing the Tukey test with a variation by replication of <5%. The data were analyzed using the JMP program ver. 5.0 statistical software program (StatSoft, Tulsa, OK, USA).
Results and discussion

Changes in collagen solubility (CS)
The solubility changes detected in the CT and collagen (PSC and IC) extracted from raw and cooked jumbo squid muscle are shown in Table 1 . The highest yield of CT obtained from fresh muscle was from the arms. This observation is in agreement with other studies, where it has been reported that the greatest amount of collagen in jumbo squid is located in this anatomical region, which is also highly cross-linked. [5, 10] The differences between anatomical regions could be related to their specific biological functions: the mantle has more protein replacement (including collagen). Furthermore, the collagen content in the marine organism has been established within a wide range, varying from 3 to 18% in different squid species. [10, [18] [19] [20] [21] Since there is a close relationship between the extraction yield (EY) and CS from jumbo squid muscle, this variability also could be observed in the crosslinking degree of the collagen fibers. [5] In jumbo squid muscle, Sarabia-Sainz et al. [19] found a lower solubility in collagen extracted from arms compared to the collagen extracted from fins and mantle. The differences in solubility were attributed to cross-linkage degree of the collagen strands.
After the cooking process, the EYs of CT, PSC, and IC varied in all the anatomical regions evaluated. More CT was extracted from the fins after 30 min in boiling water compared to the raw muscle (p < 0.05), whereas this EY decreased significantly in mantle and arms. These findings could be attributed to structural modifications occurring in the muscle that promote changes in the solubility of CT proteins during the postcapture handling of the jumbo squid. [5] The CS of the three anatomical regions studied was also altered by the thermal process applied. Only the PSC extracted from fins and mantle did not show any changes in their EY. Conversely, the PSC extracted from arms and the IC extracted from all anatomical regions underwent a significant decrease (p < 0.05) in their EY. These results may be associated to the breakdown of some collagen-fiber regions into gelatin caused by the cooking of the jumbo squid muscle. Gelatin is soluble in 0.1 M NaOH, the solvent used in the first extraction step. [22] CS is affected by its intra-and intermolecular interactions, such as hydrogen bonds, hydrophobic and electrostatic interactions, as well as the covalent bonds associated to Pyr, and all these interactions could be modified when heat is applied (i.e., cooking process). [6, 7, 23] Estimation of molecular mass PSC extracts from fresh and cooked muscle (mantle, fins, and arms) were analyzed by SDS-PAGE in order to detect potential changes in their protein profile. Figure 1 shows bands corresponding to α1, α2, and β chains as the principal constituents of the collagen derived from the fresh muscle. This finding is in agreement with other studies where these three chains have been detected in different anatomical regions of the jumbo squid. The ratio of α:β chains depends on the cross-linking degree of the collagen fibers and the anatomical region evaluated (higher cross-linkage produces more β chains in the pepsin-solubilized extracts). [10, 13, 24] Recently, a greater proportion of β chains has been reported in the mantle, fins, and arms of jumbo squid, indicating the presence of lysine-derived cross-links, where the Pyr predominates. [23] After the cooking process, fading of band intensity is observed for all the anatomical regions evaluated, probably as a result of the partial hydrolysis of the collagen chains, which in turn leads to new bands appearing at molecular weights of less than 100 kDa. The smaller new bands are likely the products of the conversion of collagen into gelatin, a phenomenon that could occur when high temperatures are applied to collagen matrices in the presence of water. Moreover, the reported molecular weights for gelatin bands vary from 45 to 100 kDa, supporting gelatization of collagen as one of the main processes occurring within the protein extracts. [25, 26] Raman and Mathew [27] observed in squid muscle (Loligo duvauceli) that with cooking temperatures above 65°C, the α and β chains of collagen would undergo denaturation and protein gelatinization could occur at approximately 80°C. [28] In the present study, although protein denaturation was detected on SDS-PAGE, it was not possible to determine differences in the behavior of the PSC extracted from the different body parts studied of jumbo squid (mantle, fins, and arms) after the cooking process. However, recent reports show that collagen-fiber denaturation could be associated with a decrease in the firmness of the jumbo squid muscle after cooking at 100°C. [29] Isoelectric point PSC was fractionated by its isoelectric point using an Ofgel-Electrophoresis in order to elucidate the differences between α and β chains of the extracted collagen (Fig. 2) . In fresh muscle, various protein fractions were separated within the tested pH range (4 to 7), and these fractions presented different profiles compared to the isoelectric point reported for collagen extracted with acidic solutions (pH 6 to 7). [30] These differences could be attributed to the presence of different collagen types depending on the anatomical region from which the extraction was carried out. Since the electrophoretic profile observed in the SDS-PAGE also revealed differences between the protein bands detected in each analyzed fraction ( Fig. 2a-c) , two α chains of collagen may have small differences in their molecular weights, causing changes on their isoelectric point. [18] In different squid species, a type I collagen has been reported, with higher proportion of β chain (cross-linked component) compared to α chains. [20, 23, 30] Type I collagen is the most common collagen, and is formed by three polypeptide chains: two of the strands (denominated α1) have an identical amino-acid sequence, whereas the third one (denominated α2) has a different amino-acid sequence. [31] Another type of collagen found in the muscle is Type III. This collagen plays an important role on texture and is composed by three identical α chains (α1) . [31] Based on the latter information, except for fraction 1 of the collagen extracted from the squid arms, all samples derived from fresh muscle appear to be type I collagen ( Fig. 2a -c) since two bands at approximately 120-110 kDa (α1 and α2 chains) and one band at around 200 kDa (β chain) are observed. On the other hand, in fraction 1 obtained from the squid arms ( Fig. 2c) , the presence of a single band at approximately 120-110 kDa is observed, indicating that the collagen strands are composed by three identical units (i.e., three identical α chains), matching the reported characteristics for collagen type III. [31] The latter may be related to the amino-acid composition of the different PSC fractions since it has been reported that the composition and distribution of amino acids can vary among different collagen types, consequently causing changes in their isoelectric point. [32] Kittiphattanabawon et al. [30] reported differences between the isoelectric points of acid-soluble collagen and PSC extracted from shark skin, which was attributed to the amino-acid composition of each sample since the PSC in the telopeptidic region was removed. Table 2a and 2b presents the amino-acid profile along with the concentration of each residue measured in PSC, and IC extracted from fresh and cooked muscle. In fresh muscle, a typical collagen profile can be observed in all the evaluated anatomical regions and no differences between their amino-acid profiles were detected (p ≥ 0.05). Even though these results are in agreement with the results reported for different squid species, [5, 7, 13] each extract (PSC, and IC) contained a different concentration of the most common amino acids found in CT proteins, such as glycine, proline, hydroxyproline, cysteine, and lysine. Different amino-acid composition in CT extracts have been previously observed by Osuna-Amarillas et al., [5] who reported differences between the amino-acid concentrations of salt-soluble collagen (SSC) and IC from jumbo squid muscle, even though the amino-acid content was basically the same in all the anatomical regions. Cysteine detection (≈30-50 residues/1000 residues) in each Table 2a . Amino-acid profile (residues/1000 amino-acid residues) of PSC extracted from fresh and cooked muscle of jumbo squid (Dosidicus gigas).
Amino-acid composition
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Amino acids
fraction extracted from fresh muscle suggests the presence of elastin as a component of the squid's CT. Cysteine is not commonly found in type I collagen because it is not part of its structure; however, this amino acid is characteristic of the elastin's amino-acid sequence. [20, 33] On the other hand, it also has been reported that type III collagen possesses intramolecular disulfide bonds, attributed to the presence of sulfur amino acids, such as cysteine. [31] Hence, the presence of more than one type of collagen in jumbo squid muscle must be considered. Moreover, the glycine content measured is lower than those reported by others for different squid species (≈300-350 residues/1,000 residues). This observation is consistent with the electrophoretic profile obtained where several protein bands are observed in the PSC, indicating that the extracts are most likely formed by collagen and elastin as major components. [18] After the cooking process of the jumbo squid muscle, a significant decrease (p < 0.05) of up to 80% was observed in the glycine, proline, and hydroxyproline contents of PSC extracted from the three anatomical regions. The decrease observed is related to collagen denaturation since the solubility and EY of the PSC fractions was also affected. The heat applied to the squid muscle also reduced the cysteine content found in most of the extracts. However, under the applied conditions, this behavior is not likely related to elastin denaturation because, unlike with collagen denaturation, it was not possible to clearly appreciate these changes in the electrophoretic profile, reinforcing the hypothesis that the decrease of cysteine in the extracts is due to the presence of more than one type of collagen. Finally, the lysine content increased considerably (p < 0.05) in all the extracts (mainly in PSC) obtained from the three anatomical regions after the cooking process, which may be related to the cross-linking degree of the collagen fibers since lysine and hydroxylysine are the primary substrates for such cross-linking process by Pyr formation. [33, 34] Although these amino acids are not abundant in collagen fibers (found mainly in the telopeptide region), [33] the increase in their concentration within the PSC extracts is probably associated to changes in the cross-linking degree of the collagen fibers since during the cooking process, a rupture in these covalent bonds could occur.
Cross-linking behavior
Pyr concentration as cross-linking index was evaluated in the CT after the cooking process of jumbo squid and was compared to fresh muscle ( Table 3 ). The lowest Pyr content in fresh muscle was found in the mantle (p < 0.05), which agrees with other literature reports where poor collagen cross-linking has been attributed to this anatomical region in jumbo squid. [5, 10, 13] Moreover, no significant differences (p ≥ 0.05) were found between fins and arms, suggesting that both anatomical regions present a high degree of collagen-fiber cross-linking. The results obtained in the present study are higher than those reported by Ramírez-Guerra et al., [13] who monitored the Pyr content in jumbo squid mantle during ice storage, finding a maximal Pyr value of 1.32 mmol/mol after 20 days of storage, while no Pyr was detected in fresh muscle. In another study, also conducted by Ramírez-Guerra et al., [17] the authors found a Pyr content of 4.6 mmol/mol of collagen in jumbo squid muscle, indicating fluctuations in the Pyr concentration that could be found in jumbo squid muscle, although the presence of highly cross-linked collagen has been reported recently in jumbo squid muscle. [20] Moreover, in other marine species, such as Pagrus major and Seriola quinqueradiata, Pyr values ranging from 3.44 to 8.80 mmol/mol of collagen have been reported. [35] These differences may be due to the species studied and to the postcapture handling applied to the squid bodies prior to performing the analytical determinations: in the present study, frozen muscle (obtained from a local fish market) and larger organisms (measuring 50 cm and weighing 6 kg) were utilized compared to the ones used by Ramírez-Guerra et al. [13] It has been widely reported that age, size, and postcapture handling of the organisms can influence the collagen and Pyr content detected in their muscle. [5, 13, 35] A significant decrease (p < 0.05) of Pyr content was observed in all the evaluated anatomical regions after the cooking process. The values measured ranged from 0.68 to 3.95 mmol/mol ( Table 3) , indicating that a fracture in the collagen fibers could have occurred as a result of the thermal treatment, releasing the Pyr and causing an underestimation of its content within the protein fibers. These observations confirm the results discussed earlier regarding the electrophoretic profile and the solubility of the different fractions of collagen. Torres-Arreola et al. [29] found fractures in the muscle structure and CT fibers of jumbo squid muscle after 30 min in boiling water. These fractures were greater in the arms and were attributed to the CT peculiar structural arrangement.
Thermal profile
The denaturation temperature of PSC and IC extracted from the fresh and cooked fins, mantle, and arms of jumbo squid was evaluated by DSC (Table 4 ). In fresh muscle, with the exception of PSC extracted from the squid arms, both PSC and IC from all the anatomical regions exhibited denaturation temperatures higher than 100°C; this behavior is consistent with the Pyr content, as previously discussed, suggesting a high cross-linking degree in the collagen fibers. This evidence is in agreement with previous literature reports, where denaturation temperatures higher than 100°C were measured in collagen from jumbo squid muscle. [8, 10, 23, 36] Other denaturation temperatures have also been reported for collagen extracted from the squid muscle. For example, Osuna-Amarillas et al. [5] reported a denaturation temperature between 45 and 60°C for SSC extracted from the same squid species. The differences in denaturation temperatures could be attributed to a low cross-linking degree present in SSC as salt solutions are commonly used for extractions of newly synthesized collagen. [5, 37] The stability of PSC and IC was affected after 30 min in boiling water ( Table 4 ), regardless of the anatomical region evaluated. All the extracts exhibited a significant decrease in their transition temperature (p < 0.05), possibly due to protein denaturation. Such transition was observed at approximately 75-92°C. These observations may be related to the fracture of the collagen fibers and to the decrease in Pyr content after the cooking process, explaining why the protein is susceptible to denaturation at lower temperatures compared to fresh muscle. A decrease in the protein transition temperature after heat treatment agrees with other transition temperatures reported by different authors for cooked muscle from terrestrial animals, such as rabbit and pork: these authors have measured denaturation temperatures of collagen fibers at approximately 65-80°C. [38, 39] In jumbo squid muscle, Torres-Arreola et al. [29] reported a breakdown of the collagen network in fins, mantle, and arms after treating the muscle for 30 min in boiling water. The treatment applied caused muscle softening, which could be explained by the protein denaturation observed in this work. 
FTIR spectroscopy
According to the FTIR spectra measured, structural changes happened in the PSC extracted from fins, mantle, and arms of jumbo squid subjected to a cooking process (Fig. 3) . In fins and arms, the main functional groups of collagen ( Fig. 3a, b) were observed: the stretching vibration of the C-O groups corresponding to the amide I around 1650 cm −1 , the N-H (amide II) at 1543-1531 cm −1 , and the C-N (amide III) at 1235-1237 cm −1 . In addition, a band at around 1630 cm −1 was observed, indicating the absorption of collagen triple helix; another band was observed at 1452-1446 cm −1 representing the C-N stretching of proline, and another band was observed at around 1400-1200 belonging to the CH 2 of glycine and proline side chains. [40] [41] [42] The observed bands at 1083 and 1029 cm −1 are related to a stretching vibration of carbohydrate residues linked to collagen. [40, 43] The bands seen at around 3270, 2960 and 2930 cm −1 are related to N-H stretching. [44] It has been reported that the preservation degree of the triple hélix can be measured by the ratio between the amide III N-H absorbance and the C-N stretching of the proline ring (A1235/A1452), where a value of 1 indicates that the helix is preserved, while a decrease in this value is related to protein denaturation. [42, 44, 45] Therefore, based on the above evidence, the cooking process of fins and arms did not have an effect on the integrity of the collagen triple helix. However, displacements in the amide I and II bands at 1649-1645 and 1533-1526 cm −1 , respectively, and a displacement along with a decrease in the absorbance of the characteristic band of amide III (≈1240 cm −1 ) are shown in the spectra measured on the fractions extracted from the cooked muscle. These observations indicate structural modifications occurring in the triple helix, [42, 45] which agrees with the results shown in the electrophoretic profile ( Fig. 1 ). Other modifications observed in the spectra of the cooked fractions were the following: the bands corresponding to the CH 2 stretching at 1337 cm −1 disappeared; the bands at 1398-1394 cm −1 increased significantly; and the bands at 1235 cm −1 decreased. The spectral changes detected with FTIR are attributed to modifications in the main chain of the glycine and the side chain of the proline by effect of the thermal treatment. [41, 42, 45] Finally, the bands at 1083-1029 cm −1 decreased, indicating carbohydrate-collagen separation. [43] In PSC from fresh mantle (Fig. 3c) , the same characteristic bands for collagen were detected (Fig. 3b ), highlighting the bands at 1649, 1543, and 1237 cm −1 , corresponding to amide I, II, and III respectively. According to the calculated ratio on the A1235/A1452, the thermal treatment applied to the muscle did not have an effect over the triple-helix integrity. However, evident changes in the intensity and position of the bands corresponding to amides I, II, and III and the triple helix were observed at 1649, 1527, 1237, and 1626 cm −1 , respectively, indicating structural modifications of the extracted collagen. [42, 45] Two important observations are the decrease in the intensity of the amide III band at 1237 cm −1 and the vibration of the proline ring band at 1450 cm −1 , showing a different behavior than those observed in PSC extracted from fins and arms. It should also be noted that the characteristic band of the CH 2 vibration in the proline side chain at 1336 cm −1 disappeared, while the band intensity of CH 2 in glycine and proline (1395 cm −1 ) increased. These changes indicate greater modifications of the collagen triple-helix structure and hydrogen bond breakage in jumbo squid mantle compared to the other anatomical regions evaluated, mainly shown by the glycine and proline alterations, which in turn could explain the greater softening of the mantle during cooking. [29] This behavior is consistent with the results reported by Sarabia-Sainz et al., [23] where the authors found a lower Pyr content in mantle compared to the Pyr content found in fins and arms, correlating this with the IR values and the muscle firmness.
Conclusion
The major EY of collagen was obtained from the squid arms; however, CS was affected by the cooking process in all the anatomical regions. Although no differences were found in the thermal resistance of the collagen extracted from fins, mantle, and arms after the cooking process, the collagen fibers of the arms presented the greatest stability based on the cross-linking degree and Pyr content. Therefore, in jumbo squid muscle, collagen fibers derived from arms undergo fewer structural changes compared to other anatomical regions after the cooking process, which results in a greater muscle stability during its postcapture handling.
